Background--Several randomized trials have shown the efficacy of thrombectomy for large intracranial vessel occlusions in adults. However, the safety and efficacy of thrombectomy in children are unknown. We aimed to investigate the feasibility and outcome of thrombectomy in pediatric patients.
C hildhood stroke with an estimated incidence of 2 to 8 per 100 000 children per year is a rare clinical event with potentially severe outcome. 1 Several randomized trials have shown the efficacy of thrombectomy for large intracranial vessel occlusions in adults and have provided clear evidence for improved neurological outcome compared with intravenous thrombolysis alone. [2] [3] [4] However, the safety and efficacy of thrombectomy in children are unknown, and only a few reports have described technical considerations as well as potential risk factors. [5] [6] [7] [8] Moreover, etiologies vary considerably between childhood and adult stroke. Because large prospective clinical trials are unlikely to be feasible in children, we present a multicenter series of pediatric patients treated with thrombectomy for ischemic stroke.
Methods
Imaging data are not available to researchers. Summary data and methods are available from the corresponding author on reasonable request.
We performed a retrospective study including all children (<18 years of age) presenting with acute ischemic stroke due to large vessel occlusion of the anterior circulation and who were treated by mechanical thrombectomy between January 2013 and December 2017 at 3 German tertiary-care stroke centers. Patients were identified by searching the radiological databases and operation procedure codes of the participating centers for all children who presented with ischemic stroke.
The study was approved by the Ethics Committee of the University of Muenster, and the requirement for informed consent was waived. All study protocols were conducted in accordance with the Declaration of Helsinki.
Intervention and Imaging
All patients underwent NCCT (non-contrast computed tomography), CTA (computed tomographic angiography), and CTP (computed tomographic perfusion) on admission. All computed tomographs (CTs) were performed on multislice detector CT scanners (Somatom and Somatom Definition Flash, Siemens Healthcare, Forchheim, Germany), and CTP postprocessing was performed using commercially available Siemens software (syngo.via, Siemens, Forchheim, Germany). The size of the penumbra was determined from the volume of tissue at risk beyond the volume of early infarct. Tissue at risk and early infarct in CTP were estimated visually using quantitative cerebral blood flow and cerebral blood volume perfusion maps, respectively. Any cerebral blood flow lesion of %30 mL/(100 gÁmin) or less was defined.
In general mechanical thrombectomy was favored if the patient presented within the time window of 6 hours after the onset of symptoms, showed no or minor infarction on noncontrast CT scan, and had a clear mismatch in the CT perfusion study as well as a vasculature that permitted the insertion of at least a 5Fr-sized catheter armamentarium. However, the final decision in each individual case was always at the discretion of an interdisciplinary team of neuropediatricians, neuroradiologists, and neurologists.
Mechanical thrombus removal was performed in all cases via stent retrievers; in 5 cases additional contact aspiration was performed. Thrombectomy was performed in all cases through a transfemoral approach. Either 6F or 8F sheaths and guiding catheters were used depending on the size of vasculature. Thrombectomy was performed in all cases using stent retrievers sized 4920 mm (Phenox Preset, Bochum, Germany; Solitaire Medtronic, Minneapolis, MN; Trevo Stryker Neurovascular, Fremont, CA). Up to 3 passes were required to clear the target vessel from the occlusion. In 5 cases additional contact thrombus aspiration was performed using a 6F aspiration catheter (Ace 64, Penumbra, Alameda, CA). No intravenous or intraarterial thrombolysis was applied, nor was periprocedural heparin. To obtain hemostasis at the end of the procedure, vascular closure devices were applied in all patients, followed by a compression bandage for 6 hours.
ASPECT (Alberta Stroke Program Early CT) scores on admission and follow-up imaging were assessed as part of our routine stroke diagnostics by experienced neuroradiologists at the time of initial CT reading. A Modified Rankin Scale score was calculated retrospectively by the authors based on clinical descriptions in the medical chart, blinded to the clinical and radiological severity of the initial infarct.
Statistics
Patient demographics, procedural characteristics, and outcome are reported as median (interquartile range) and total range or as frequency.
Results

Study Population
Of a cohort of 158 children presenting with ischemic stroke, all children treated with thrombectomy due to anterior circulation stroke at our centers during the study period were included, resulting in a total of 12 children (7.6%) ( Table 1) ; the median age was 14 years (interquartile range 7.8-16, total range 5-17 years). None of the patients received intravenous thrombolysis before intervention. Five children suffered from congenital heart disease, 2 patients were affected by focal cerebral arteriopathy of the inflammatory subtype (diagnosed later in the course after mechanical recanalization), and 1 patient each suffered from sepsisassociated coagulopathy, thalassemia, fibromuscular dysplasia, secondary vasculitis after meningitis, and carotid artery dissection. All 5 children with underlying cardiac anomaly had been under oral anticoagulation therapy with warfarin before the ischemic stroke.
We have not systematically evaluated children with largevessel occlusion not treated with thrombectomy. However, recorded reasons why pediatric patients did not receive endovascular treatment include substantial infarction of the middle cerebral artery territory on admission, occlusion of the M2 segment of the middle cerebral artery with a diameter too small for thrombectomy, and known vasculitis associated with high-grade vessel stenosis.
Angiographic and Clinical Outcome
Angiographic outcomes for thrombectomy were good in all patients (69modified Treatment in Cerebral Infarction Score [TICI] 3, 69modified TICI 2b). Moreover, most patients showed an improvement of neurological outcome after thrombectomy: median Pediatric National Institutes of Health Stroke Scale on admission was 12.5 (interquartile range 8.0-21.5), and median Pediatric National Institutes of Health Stroke Scale at day 7 after the intervention was reduced to 3.5 (interquartile range 1-8) ( Table 1) .
Only 1 patient showed a poor outcome (modified Rankin Scale 3), even though angiographic outcome was initially good (modified TICI 2b). This patient had hypoplastic left heart syndrome and suffered a contralateral thromboembolic stroke 1 day after the successful first thrombectomy. This patient showed clear infarct demarcation on follow-up NCCT (non-contrast computed tomography) (ASPECTS 2). All other patients revealed either no or minor signs of cerebral infarction (Table 1) . Of note, no infarct-associated hemorrhage was observed.
Altogether, our patients had no complications after thrombectomy other than transient periprocedural vasospasm, detected angiographically, which occurred in 2 patients. A 7-year-old boy suffered from a complex cardiac anomaly and showed transient vasospasms of the middle cerebral artery territory after TICI 2b recanalization of an M2 occlusion. A 14-year-old boy affected by vasculitis also showed transient vasospasms in the middle cerebral artery territory after TICI 3 recanalization of a carotid-T occlusion. In both cases the vasospasms resolved completely and without any clinical sequelae after administration of nimodipine (see also Table 2 ). No vascular complications such as arterial dissection, periprocedural thrombosis, or puncture site complications occurred. After mechanical thrombectomy 10 of 12 patients were put on low-molecular-weight heparin for recurrence prevention.
Discussion
Endovascular thrombectomy has emerged as the standard of care for adult patients with acute ischemic stroke due to large-vessel occlusion. [2] [3] [4] The knowledge about efficacy and safety of mechanical recanalization in childhood stroke, however, is limited to small patient series and case reports. These existing case reports have been well summarized, 6, 8 but the potential to apply this technique in pediatric patients
has not yet been explored systematically. Onset Two recent studies report recanalization treatments in pediatric populations for acute ischemic stroke. Yet in both studies the majority of patients were treated with intravenous thrombolysis, reducing the number of children treated with mechanical thrombectomy to 2 7 and 6 patients. 5 Moreover, of the 11 pediatric patients who underwent endovascular treatment in the recent study by Bigi et al, 5 were treated with intraarterial thrombolysis only. This can be explained by the extended recruitment period of 10 years by Bigi et al. 5 In today's clinical practice, intraarterial lysis as sole treatment is considered inferior to mechanical thrombectomy. 9 In our study we limited the recruitment to 5 years, the time period when stent retrievers have become widely available and have been proven to be the treatment of choice for acute stroke recanalization. Additionally, in our patient collective no patients received additive intravenous thrombolysis. This approach also confines the treatment success to mechanical recanalization, without a bias caused by additive intravenous lysis.
In line with previous reports, 5, 6, 8 the majority of patients in this study showed good outcomes angiographically, and, most importantly, substantial neurological improvements after the invasive recanalization were observed with a modified Rankin Scale ≤2 in 92% (11/12) . Currently, there is no robust evidence for intravenous thrombolysis in childhood stroke because existing publications are limited to very small numbers and there has been a publication bias toward short treatment intervals from symptom onset and favorable outcomes in the literature. 10 The Thrombolysis in Pediatric
Stroke trial had to be stopped as the majority of pediatric patients did not meet the inclusion criteria, meaning they either presented with mild clinical symptoms only, contraindications to thrombolytics, or delayed admission after 4.5 hours.
11
It has to be emphasized that adequate caution should be applied to performing thrombectomy in childhood stroke, an intervention that has been studied sufficiently only in adult populations. The interventionalist should be especially aware that, in cases with vasculitis, thrombectomy can carry a high risk of vessel injury, dissection, and thrombosis. Although in our study 1 patient with secondary vasculitis after meningitis had a good outcome, we would refrain from performing routine mechanical thrombectomy in patients with known active vasculitis. However, etiologies are often unknown at the time of admission, and therefore, the emergency decision to perform thrombectomy or not frequently must be made without detailed knowledge about the etiology. Although the 2 patients who were retrospectively diagnosed with focal cerebral arteriopathy of the inflammatory subtype had no periprocedural complications, we are reluctant to recommend thrombectomy in these patients.
Median time to treatment was relatively short in our cohort, which may be attributed to the large number of Table 2 . children with cardiac disease who were already hospital patients at time of symptom onset. In addition, median age of the included patients was 14 years in our study, which is relatively high for pediatric patients but comparable to the recent study by Bigi et al. 5 Last, limits on contrast and radiation exposure are even stricter in children than in adults but tend to be overestimated given the potentially great benefits of a successful intervention. 12 This study reports a small patient cohort and focuses on children who underwent mechanical thrombectomy. Subsequent reports in which children with and without mechanical thrombectomy are compared are warranted to further elucidate the potential of endovascular thrombectomy to improve outcome after acute ischemic stroke.
Conclusion
Our study adds to the growing evidence that mechanical thrombectomy can be effective and safe not only in adults but also in childhood stroke. However, caution has to be applied because etiology in childhood stroke differs substantially from that in acute ischemic stroke in adults, with potentially major impact on procedure success and safety.
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